In 1933 Weber and Engelhardt reported the first case of acute pneumonitis due to beryllium poisoning. Other instances of the acute reaction to beryllium salts were described by Van Ordstrand, Hughes, DeNardi, and Carmody (1945) . Hardy and Tabershaw (1946) gave details of the chronic or delayed form of the disease, and DeNardi, Van Ordstrand, Curtis, and Zielinski (1953) published a review of 468 cases of beryllium disease of all clinical types. Only three cases with chronic lung disease have so far been reported in Britain (Agate, 1948; Sneddon, 1955; Rogers, 1957) . This report describes a patient who suffers from chronic beryllium poisoning and discusses the various criteria by which a diagnosis is made.
CASE REPORT
The patient, an unmarried woman, was born in 1910, and was first seen in October, 1955, because of a chronic cough and finger clubbing. She left school at 14 years and was employed as a baker for five years. She had to leave this work as her skin became sensitized and for the next 11 years remained at home. The patient then began clerical work in a tailoring stores. This was interrupted from June, 1943 , until May, 1945 , when she worked in a factory making fluorescent lamps. At the time, zinc beryllium silicate phosphors in high concentration were used in the manufacture of these lamps. The patient's work consisted in placing the tubes on horizontal metal rollers. The solution containing beryllium was baked on the inner surface of the tubes, and, after cooking, the tubes were removed from the oven and about 2 in. of deposit was extracted from each end of the tube with a rubber-padded brush. Very little dust was released in the process, as the ends of the tube were enclosed in a box covering. Tubes were broken from time to time and the patient received some small lacerations from these. During the whole of this period she felt quite well and no medical or radiological examination was made.
In 1945 she went to live in a small town far removed from that in which she did her factory work. She started clerical work again and continues at this occupation.
A few years later a gradual deterioration in her health was noticeable and she found that she was unable to take long country walks because of shortness of breath. In 1950 an unproductive cough and vague chest pains developed and clubbing of the fingers was first observed by the patient. During the next five years the cough became more severe but remained unproductive. It was continuous throughout the year although worse in the winter months and more marked during the day than at night. The chest pain was situated deep to the lower sternum and in the left inframammary region, radiating to the left scapula. It was dull and prolonged in character, occurring both at rest and during activity, and became increasingly severe. The patient lost a great deal of weight during this period. -A poor appetite and general malaise were only marked during the previous 12 months. There was no haemoptysis, sweating, vomiting, or diarrhoea. No relevant past history or family history was obtained.
CLINICAL FINDINGS.-The patient was an alert, active, and cheerful individual with a tendency to minimize her symptoms. Her height was 4 ft. 9 in. (144 cm.) and weight 6 st. 4 lb. (40 kg.). There was moderate clubbing of the fingers and toes. There was no cyanosis but tachypnoea was present at rest. Chest expansion measured 1 in. The percussion note was resonant. The breath sounds were vesicular and of equal intensity over both lungs. Persistent rales and occasional coarse rhonchi were also audible over both lung bases.
The heart was normal except for accentuation of the pulmonary component of the second sound. The tip of the spleen could be felt on full inspiration. The liver was not enlarged, but the epitrochlear and axillary lymph nodes were slightly enlarged. The tibiae were considerably bowed from old rickets. SKIN LESIONS.-Small scars were present on the extensor surface of the left forearm, over the right knee and both ankles (Fig. 1) . They measured j-1 in.
in length and were flat or slightly depressed and reddish purple. They were the result of trivial cuts from broken fluorescent tubes and had existed unchanged for at least 10 years.
INVESTIGATIONS. -A chest radiograph showed patchy, dense shadowing throughout both lung fields obscuring the vascular pattern (Fig. 2) . There appeared to be a background of diffuse coarse nodular shadows as well as areas of massive fibrosis. Radiological examination of the hands was normal. (Fig. 3) . The eczematous reaction subsided after 14 days and eventually left small superficial scars (Fig. 4) . RESPIRATORY FUNCTION.-Studies of respiratory function supported the clinical and radiological concept of a severe degree of diffuse pulmonary fibrosis. The vital capacity measured only 1,000 ml. (44% of predicted vital capacity). The total lung volume was 3,500 ml. of which 70% was residual air (2,460 ml.).
The maximum ventilatory capacity performed at 45 breaths per minute was 32 litres (50% of predicted volume). Spirograms of forced inspiratory and expiratory phases of respiration showed moderate reduction in the rate of air flow, but there was no evidence of air trapping. The mixing efficiency of the lungs was slightly impaired. The oxygen saturation of resting arterial blood was 89%. No demonstrable change occurred during moderate exercise, but 100% saturation was obtained with oxygen inhalation. The carbon dioxide tension of arterial blood was normal and the pH was 7.41. SKIN BioPsY.-The lesion on the left forearm was excised. Microscopically the section revealed some thinning of the epidermis with a little increase in keratin. Several well-defined granulomata were present in the corium and some of these showed small areas of central necrosis. A few contained multinucleated giant cells. The lesions were surrounded by lymphocytes and separated by loose fibrous tissue. No tubercle bacilli were demonstrated and there were no birefringent crystals. The picture was that of an active granulomatous lesion with some resemblance to that seen in sarcoidosis (Fig. 5) Agate (1948) observed that it is the patient with unusual susceptibility rather than the worker with long exposure who develops the disease.
Unfortunately the smallest amount which may be toxic for any one individual is still uncertain, but is probably very minute. The duration of exposure which might be termed " safe " is also unknown.
It is generally assumed that inhalation of dust or fumes causes the systemic disease and that the subcutaneous granulomata are of traumatic origin. Sneddon's (1955) case, which occurred in a worker who was employed solely in shearing strips of beryllium copper, does not support this view, for in this instance the production of dust was negligible. Furthermore, it is clear that all skin lesions do not necessarily occur at the site of known previous injury; the granulomata may erupt spontaneously alongside more definite linear lesions due to old lacerations. Although the lungs are normally the route by which beryllium enters the body, it is also possible that the skin may provide an adequate pathway on occasion.
Numerous descriptions of individual cases and wider surveys of all workers exposed to the same hazard and followed carefully over a long period have enabled a general picture to be pieced together. An analysis of all these reports indicates that the chronic form of beryllium poisoning should be regarded as a generalized disease in which the lungs and skin bear the brunt of the damage. Collected post-mortem studies, however, have established that lesions may occur also in the liver, spleen, kidneys, myocardium, pleura, and lymph nodes. Laboratory studies have shown disturbances in nitrogen and calcium metabolism and an increase in serum protein with a relative increase in gamma globulin.
Since the pulmonary and skin manifestations of the chronic disease may be mimicked by a number of unrelated disorders, particularly sarcoidosis, it is important to establish strict criteria for the diagnosis of the disease. Accepted cases must have a history of exposure to beryllium. Occasionally such a hazard may not at first be apparent if the patient has not been directly engaged in work involving the metal, or if after exposure he has moved some distance to a part of the country where no form of industrial work is carried out. It is desirable to have evidence that the beryllium has entered the body, and for this spectroscopic examination of the urine or of affected tissues may be helpful. Even if proof of entry is established, the subject may not be suffering from beryllium poisoning, for this depends essentially upon an abnormal reaction to beryllium. The existence of an abnormal response is suggested if the lesions of the skin and lungs or elsewhere in the body show the characteristic features of a granuloma on microscopy. Confirmation is obtained if there is a marked reaction to the patch testing of the skin with weak solutions of beryllium salts. The great value of this test is that it shows that the subject has become sensitized to the metal.
Curtis introduced the skin test in 1951 and his report has been followed by others (DeNardi and others, 1953; Van Ordstrand, 1954) which have confirmed the specificity of the skin patch test. This claim is also supported by Sneddon (1955) , who referred to investigators in this country who have made the test on a large number of patients, including cases of sarcoidosis, without obtaining a false positive result. Sneddon also observed that biopsy of the skin lesion resulting from the patch test a few weeks after it was performed reveals histological features of a sarcoid-like reaction.
Some critics of the test (Hardy, 1956) state that, as beryllium is known to be a skin sensitizer, there must be some doubt as to the specificity in workers known to have been exposed to airborne beryllium compounds. This objection would be valid if examples of a positive reaction in such workers not suffering from beryllium poisoning were to be found; so far none has been recorded.
A more serious criticism of the procedure is that it is liable to provoke a violent reaction in the lungs. It is probable that such an event did occur in Sneddon's case. For this reason it is imperative to use only a dilute solution of the salts for the tests. It may be remarked that no small advantage of the test is the ease of performance.
The natural evolution of the disease is variable, but the usual course is one of progressive pulmonary fibrosis leading to death from respiratory or cardiac failure. It is possible that in a few cases cure will be spontaneous. 
